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Iu conducting the research described in this report, the
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Facilities and Care,' as promulgated by the Committee on
the Guide for Laboratory Animal Facilities and Care of the
Institute of Laboratory Animal Resources, National Acadeny
of Sciencen-National Research Council,
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ABSTRACT

A plaque assay mettnd for the small-plaque variant of the
pantropic van Wyk strain of Rift Valley fever virus is described.
The ense In preparation, the reproducibllity of results, the
detinetnoen of tha plagias, and the relatively short time
required (~r plaquas to nprear make the method highly stitable
for use in the laboratory. A model was constriicted utiilzing
this technique for estimating MICLD, values from plaque-forming
units. The model obtained has provided a firm basis for a large
reduction in costs of routine assays, due to its relative costs
of mouse and tissue culture assay.
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I. INTRODUCTICN*

o S L e 1 e e D et HAEC aley foves
lLater dercaribed large pla&u;;u;p éoW; Lg ina::E;Zé v ot it

‘ er. Undoubtedly, the
Avove-ment toned plaques were all of the wild pantropic virus, which

fuggegted variants in wild pantrople RVFV. It was not until recently that
voyle® plaqued the wild pantropic strain of RVFV and found plaques of

varicua si»er either before or after passage in mouse fibroblast tissue

cull cultures. He was able to select and characterizs.the small-plaque

ind large-plaque variants of the pantropic strain of RVFY. He further
demonstratad that the small-plaque varilant was more virulent for mice

than the large-plaque variant. The present report describes the relationship
between the in vivo infectivity using mice and in vitro plaque development in
an L cell clone. %he criteria of linearity and reproducibility were met and
proven. A model is5 also presented for estimating the mouse intracerebral
lethal dose,, (MICLL.) from plaque-forming units (pfu). The model obtained
has provided a firm basis for a large reduction in costs of routine assays
tor RVFV in these laboratories, due to the relative costs of mouse and tissue
cuttore assay. The authows recommend a similar study to determine if a
comparable relationship holde Zor any virus assay system routinely performed.

1T, MATERTALS AND METEODS

A, VIRUS

The small-plaque variant of the pantropic van Wyk strain of RVFV® was
used in this study. The origin and maintenance of this strain were
described by Walker et al.®

Virus was propagated in L-DR strain, a variant of Earle's L cell
that was grown in medium supplemented with bovine serum.® Multiplicity
of inoculum (MOl) was 0.01, cell concentration was 2 x 10° cells/ml,
and the infection period was 48 hours. The tissue cells were removed by
low-gpeed centrifugation and the virus was assayed. :

B. CELL CULTURES FOR PLAQUIKNG

A variant (L-MA) of Earle's L cell was obtained from Dr. Donald J.
Merchant, University of Michigan, Ann Arbor, Michigan. The cells were
maintained antibiotic~frec, and a selected clonal line designated L-MA
clone 1-1 was established as the tissue cell line in these studies.
Growth medium for L-MA clone 1-1 was 199 medium supplemented with 0.5%

* This vreport should not be used as a literature citation in material to be
published in the open literature. Readers interested in referencing the
f57crmation contained herein should contact the senior author to ascertain
when and where it may appear in citable form,
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Racro-Peptone. Cultures were grown in suspension culture!® to produce bulk

guantities that wvere determined to be PPLO~free by plating samples on

W “ P o ’ N .

Mycoplasma agar.* Frozen stocks (~175 C) were prepared and used routinely
to avold incongistencies In plaque efficiency due to continuous cell passage,

;. PLAQUE OVERLAY MEDIUM

The plaquing medium was composed of two overlays. The first overlay
medium consisted of two parts: (i) 1X Harks BSS with 1.0% Noble agar, which
was autoclaved at 10 psi for 10 min, and (ii) 20% calf serum plus 697 199
peptone medium containing a 1.0% solution of sodium bicarbonate. Equal
oruine A€ hath samranant narts were individvually warmed ¢~ 500 apd then

mixed; 17 Pen-Strep, 1% Mycostatin, and 17% (100 ug/ml) DEAE-dextran were
then added.

The second ovarlay medium also consisted of two parts: (1) 1X Hanks
BSS with 1.0% Noble agar and (ii) 77% 199 peptone medium containing a 0.5%
solution of sodium bicarbonate. Equal volumes of both components were
individually warmed to 50 C and then mixed, with the addition of 0.0077%

of a neutral red solution, 1.0% Pen-Strep, and 1.0% (100 pg/ml) DEAE-
dextran,

D. PLAQUE ASSAY

Monolayers wcre prepared by seeding 2-ounce bottles** with 5 ml of
cell sugpension at 7.5 x 10° cells/ml in growth medium, After incubation
overnight at 37 C, the growth medium was removed and cells were washed
with 1X Hanks BSS at pH 7.6, Each bottle was inoculated with 0.1 ml of
virus diluted to the desired concentration and alloved to adsorb for 1
hour at 30 C. After adsorption, 5 ml of the first overlay medium at 45 C
were added to each bottle. When the overlay had molidified (1 hour),
rhe bottles were lnverted and incubated at 37 € for 72 hours. The mono-
layers were then removed from incubation, and the second overlay, which
contained stain for plaque observation, was applied. Plaque preparations
yere covered with heavy brown paper from time of inoculation until addition
of second overlay to avoid photcinactivation. The plaques were counted
at 1 hour and again at 24 hours. All dilutions were counted, and the pfu
value3 were calculated from dilutioms having the highest number of plaques.
in almost all cages, counts were made on bottles containing 50 to 150 plaques.

For reigolation of the virus, plaques were removed by an inoculating
loop of heavy-gauge wire. Single plaques were inoculated onto confluent
monolayers of L-MA clone 1-1 in 2-ounce bottles. The inoculated monolayer
cultures were incubated for 24 hours at 37 C, after which the medium was
removed and assayed botb In mice and by the plaque technique.

* Grand Island Blologiczl Company, Grand Island, N.Y.
#* Sani~Class Flint-Grad, Brockway Glass Co., Inc., Brockway, Pa.
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MOUSE ASSAY

The Fort Detriclk Swiss-Webster strain of mice welighing 6 to 8 g was
used for titrating RVFV. Mice were inoculated intracerebrally, four mice
per dilution, with 0.03 ml of viral challenge material. Deaths were
recorded for 6 days postinoculation, but only those occurring after

24 hours were used ir the calculation of MICLD., The probit method??
of ecalculating MICLD:, values was used.

III. RESULTS

A. PLAQUE ASSAY

Somewhat cowndal, ctear plagques wirh sharp houndaries vere visible Ay
carly as 1 hour oftor the second overlay, which contaified neutrdl téd, was
placed over the 72-hour-old culture. They were <1 to 3 mm in diameter.
Statistically, there was .o difference in counts taken at the 3rd and 4th
day after fnoculation of monolayers., The plaques were distinct, uniform
in size, and =zasily visible with the naked eye or with an indirect lighting
system 1f uvetall was desired (Fig. 1).

B. RELATIONSHIP BETWEEN PLAQUE NUMBERS AND VIRUS CONCENTRATICN

The relationship between the number of plaques detectable and the
concen%ration of virug was determined, Starting at primary virus dilutions
of 1074, 1073, or 1074, successive twofold secondary dilutions were made
of the different virus preparations to test for precision and linearity of
the data. The plaque assay performed equally well on each of the two virus
preparations (Table 1). There was excellent agreement of pfu valuas for
all secondary dilutions and no real difference between the day 3 and day 4
pfu readings, as indicated in the last two columms. Moreover, there is a
linear relationship between the average number of plaques obtained for each
virus dilution and the relative concentration of virus.

C. COMPARISON OF RVFV INFECTIVITY TITERS OBTAINED BY MICLD., AND PLAQUE ASSAY

In preliminary experiments, the comparison of RVFV infectivity titers
between pfu and MICLD  was 1.5 logs higher for MICLDy (Table 2). This
difference was based on titrations of cultures all approximating the same
degree of infectivity. In most cases, this meant that MICLD,, values were
higher than pfu titers, suggesting that the MICLD., was somewhat more
sengitive (approximately 31.5 MICLD./pfu).

T e e e A N TR



¥itime 1. Plaques of Rift Valley Fever Virus in L-MA
*luaa 1-1 Tissue Celle 72 tiours After Inoculation of Virus.



TABLE 1. RELATIONSHIP BETWEEN PLAQUE COUNT AND VIRUS COﬁCENTRATION

Virus Preparat%on Plaques]Bdttle ?IL°8m pfu titer
qu Concentration Dilution Number Average ' Day 3 Day 4

- ——

48~«Hour Infectious Culture

x 10-3a/ 1 239, 242 240.5  6.38 6.38
1/2 125, 120 122.5  6.39 6.37
1/4 63, 63 63.0  6.40 6.38
1/8 27, 20 23.5  6.27 6.32

x 1074 1 68, 79 73.5  6.87 6.93
1/2 25, 40 32.5 - 6.81 6.86
1/4 9, 16 12.5  6.70 6.6S
1/8 1, 4 2.5 ' 6.30 6.65

Alum-Precipitated

x 1072 1 246, 232 239.0 - 5.38 5.37
1/2 142, 162 152.0  5.48 5.52
1/4 72, 87 79.5  5.50 5.54
1/8 43, 41 42.0  5.53 5.61

x 1072 1 71, 32 52.5  4.71 4,74
1/2 25, 14 19.5  4.59 4.66
1/4 10, 21 15.5  4.79 4.82
1/8 4, 3 3.5 4.5 4.45

x 103 1 255, 247 251.0  6.40 6.40
1/2 175, 165 170.0  6.53 6.53
1/4 104, 105 104.5  6.62 6.68
1/8 58, 79 68.5  6.74 6.80

x 1073 1 TNIC, TN?CQ/ - - -
1/2 217, < 217.0 . 6.34 6.35
1/4 96, 101 98.5 - 6.60 6.61
1/8 49, 60 54,5  6.64 5.71

a. Each dilution studied was a separate virus pool that differed in treatments.
b. Too numerous to count. :

c. Contaminated.
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TABLE 2. COMPARYSON OF MOUSE AND PLAQUE ASSAY OF RIFT VALLEY FEVER VIRUS

Number of Mran Standard Varianced/
fgzav Procedure Replications Log,, Titer Deviation s
HICLD [2) 1‘2 8- 2 0. 30 0.903
Plaque 437 6.7 0.39 1.522

o, GSigeificant at the 67 level.

To further test the relationship and possibla difference in linearity
betwaen the two .ssay systems, the second in *hese series of experiments
was performed. After low-speed centrifugation, the supernataant was:
(1. stored at -65 C or (ii) alum-precipitated and stored at -65 C. Then,
in order to determine if various virus treatments affected the titers
obtained by the two assav systems, samples of each of two stored test
materials were sclected at random once a week for 3 weeks and assayed at
five different dose levels. To obtain the duse levels necessary for showing
Jinearity, we diluted the original samples (titer) of each of the virus
cultures, The dilution levels of these samples were from 10-1 through
1072 log, wiich gave five dose levels. Subsequen: dilutions were made to
adjust the nuwber of plaques pur bottle. Therefore, 10-1 log dilution
might have five subsequent diiutions, whereas 1073 original log dilution
might have only one or no subsequent dilutions. The mecans for the log pfu
and log MICLD., values were analvzed by linear regression to obtain calculated
slopes and the correlation coefiicients for the two assay technlques.

For this assay to be useful, a strajght-line relationship has to exist
between dilutiorn ~nd titer (virus concentration) over a wide dose range.
Such a relationship was demonstrated with this plaque assay (Fig. 2).
There was no statistical difference between slopes over the treatments
tested. Moreover, when the same treatment material was assayed in mice,
no statistical change in slopes was demonstrated., In fact, there was no
statistical difference between the slopes of the plaque and mouse assay
svstems; however, the titer of the MICLDy was 0.7 to 1,0 log greater than
the pfu. Examination of the data does indicate that the wrariability of
the points about the lines orf MICLD,., is somewhat more than that of the pfu,
although the difference in variability is not statistically significant.

A straight-line relationship was also obtained when the pfu values were
plotted against MICLD. values {Fig. 3). Again, no statistical differernce

in slope was demonstrated over the treatments when the pfu were plotted
against the MICLD.,
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From this work, we concluded that the alum treatments cf the virus
suspensions had no appreciable effect on the plaque assay system. There-
fore, all data that had been collected in our laboratory for comparing pfu
and MICLD4, could be put into one linear regression program for obtaining
an estimated slope that can be used for estimating MICLD,., from pfu (Fig. 4).

The straight line shows the estimated relationghip between pfu and
MICLD.y; the 95% confidence limits are represented by the imnner pair of
curved lines, and the 957 tolerance limite for a point that could be

determined by a single plaque assay and a single mouse assay are represented
by the outer palr of curved lines.

If one uses the model to estimate the MICLD., infectivity (potency) of
test material for which the plaque assay gives 6.5 log,, pfu, the estimate
will be 7.1 with 95% tolerance limits of approximately 6.0 to 8.3 log,,
MICLD. Obviously, the present slope is restricted to 8.5 log,, pfu, thus
restricting the range in which MICLD,, van be estimated unless the line is
extrapolated to account for higher pfu values.

D. REISOLATION OF VIRUS

RVFV was readily reisolated from plaques; a single plaque of the
small-plaque RVFV inoculated into monolayer produced 1072 to 107> tissue
culture infectious doses per plaque. No plaques were seen in the absence
of virus inocula, nor was virus recovered from clear areas of the infected
agar surface. The reisolated virus was neutralized by specific hyperimmune
sheep serum,
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IV. DISCUSSION AND SUMMARY

RVFV produced plaques that were well-defined and characteristic of
the small-plaque variant in monolayer cultures of L-MA clone 1-1 tissue ;
cells under a double agar overlay. Plague counts on days 3 and 4 were k
not statistically different, although plaque size was increased by the
4tth day. £ linear relationship was observed between: plaque counts and
virus concentration under various treatment conditions, permitting precise
virus assays. These results were further extended to include comparison
of slopes between MICLD and pfu. Although the titers for MICLD were
consistently higher, there were no statistical differences .in or between
slopes of the two assay systems. This observation permitted accumulated
data comparisons between the twn assay systems to be combined into ore
linear regression program for development of a medel for estimating MICLD.;
from pfu. ‘he model now provides a technique foi observing infectivity in
two independent assay systems with certain accuracy at a greatly reduced
cost to an experimenter or diagnostic and experinental laboratories, wvhere
such determinations are routine. To insure thac ¢he reiationship portrayed
in the model continues to hold after additional passage of the virus in
tigsue culture lines, it will be necessary to perform studies at regular
{ntervals to coniirm the relationship between pfu and MICLDg. - This procecure

will serve to spot any changes in mouse pathogenicity, unaccompanied by
decrease 1in pfu.

For the virus systew: under study, a large reduction in cost has been
provided utilizing the modei described. The particular model and the
parameter estimates obtained, while not necessarily applicable to other
virus strains, give some hope that similar comparative studies may provide
a basis for like reduction in cost for routine assays of other viruses.

On the basis of their own experience, the authors recommepd such studies
where the number of assays is appreciable.

[T e v e e e A RCTATTRER



6.

9‘

10,

11.

Pt
w

LYTERATURE CITED

Boyle, J.j. 1965. Titration of Rift Valley faver virus in hamster
kidney cells in the abgence of serum. Amer. J. Vet. Res. 26:190-191.

Bi§n, L.N.; Randall, R.; Harris, V.R.; Gibbs, C.J.; Aulisfio, C.G.
1863, Tmnunization against Rift Valley fever: The development of

vaccines from non-primate cell cultures and chick embryos., Amer. J.
Hyg. 77:160-168,

Iwasa, S. 1959, Multiplication of Rift Valley fever virus in human
liver cell culture with special reference to production of complement-
fixing antigen. Jap. J. Exp. Med. 29:324-334.

Plewright, U.; TFerris, k.D. 1957. Rift Valley fever: Research in
tisgue culiture. E, Afr. Vet. Res. Org. Annu. Rep., p. 28-29,

Porterfieild, J.5.; Williams, M.C.; Woodall, J.P. 1960. A plaque
technique for the primary isolation of arthropod-borne viruses.
Nature 185:252-253.

Takewmori, N.; Nakano, M.; Hemmi, J.,; 1Ideda, H.; Yanagida, S.;
Ritacka, M, 1954. Destruction of tumor cells by Rift Valley fever
virug. HNature 174:688-700,

Runnels, J.L.; Brown, A. 1962, An improved plaque technique for
pantropic Rift Valley fever virus. Bacteriol. Proc. p. 159.

Boyle, J..J. 1967. Some characteristics of plaque variants of
Rift Valley fever virus. Arer, J. Vet, Res., 28:1027-1031.

Walker, J.S.; Carter, R.L.; Klein, F.; Snowden, S.E.; Lincoln, R.E.
1969. Evaluation of factors related to growth of Rift Valley fever
virus in suspended cell cultures. Appl. Microbiol. 17:658-664,

Welrether, F.J,; Walker, J.S.; Lincoln, R.E. 1968. A precise

method for replicating suspension cultures of mammalian cells. Appl.
Microbiol. 16:841-844,

Fianey, D.J. 1952. Statiatical methods in biological assay.
Hafner Publishing Company, New York.

pUFCEDING PAGE BLAK



19
Unelassific
Becurty Ciosgificaty o

riizs m

DOCUMENT COHTROL DATA-RAD

(Sccurity elosslficatt \r[ it
5 G =, boiy of ehehact and Indclrlna annetetien must be sntersd whan the svereli

Ia elosat
TOMIGIAATING ACTIVITY (Cuq wu oot 32, AKPORT SRCURITY Cblm'lchﬂw
Department of the Army ;—;F9;5§2i£—5d
H - LM
§{ Fort Detrick, Froderfek, Maryland 21701
HAPOAY YITLK

' RELATIONSHIP BETWEEN PLAQUE ASSAY AMD MOUSE ASSAY ron TITRATING
RIFT VALLEY FEVER VIRUS

§
(% DESCRIPYIVE MOT LS (ypo of ripssl and Sncivoive dorsz)
4
¥

i"{. TAUTRORIEY [Firal rav, ldids Talisal, Taat rasow)

. Trederick (ML) Klein Sarah L. Eyler
Bill G. Mahlandt Raliph E. Lincoln
¢. AZFOCAT DAYE 78. TOTAL MNO. OF PAGQGES Th. NO. OF AXFS
April 1970 19 11
e, COCRTRACY OA GRAWT KO, 2. ORIGINATOR'S REFORT NUMBENIC)
i . Technical Manuscript 597
! s rroskeTas. 1B563603DE32
' . 37:0'(.;;'}#0&!' NO{S) (Any ether numbere Rt may be assigred
e Task-Work TInit 04-007

N

IS PP

« DD 1498 Agency Access, DA OL 0304 CMs 6664  AMXFD-AE-T 49812

H10. DISTRISUTION STATEMENT

' Qualified requesters may obtain copies of this publication froﬁ DDC.

Foreign announcerent and dissemination of this publication by DDC is
not authorized.

Release or announcement to the public is not authorized.

11, SUPPLIAMENTANRY HOTES 12. SPONBORING MILITARY ACTIVITY

Department of the Army
Process Developscnt Division Fort Detrick, Frederick, Md., 21701

15, l»aﬂucv

-+ A plaque assay method for the small-plaque variant of the pantropic
van WUyk strain of Rift Valley fever virus is described. The ease in
preparation, the reproducibility of results, the distinctness of the
plaques, and tho relotively short time reguired for plaques to appear
make the method highly suitable for use in the laboratory. A model was
constructed utilizing this technique for estimating MICLD, values from
plaque-forming units. The model obtained has provided a firm basis for a
large reductior in costs of routine aseays, due to its relative costs of

mouse and tissuc culture agsay, 1o

14, Key Words

Rift Valiey fcover virus
Assay

Infectivity

Plaque assay

Mouse assay

¥ 4 %9 AEWLAZES DO POBM 1470, | JAN &4, WnCH 1
Bw ™ 1 ..‘ QORI BEVE U AreY URE. Unc lasaified
Sevurity Clansification

i T S

A ARITIARIILD YIRS,

trron 2o O S

R T T e S



